Introduction {#Sec1}
============

In the Standard Model, a single parton--parton interaction can produce a $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ meson in association with a $\documentclass[12pt]{minimal}
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                \begin{document}$$Z$$\end{document}$ boson either through a "prompt" QCD subprocess, or through the production of a $\documentclass[12pt]{minimal}
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                \begin{document}$$b$$\end{document}$-quark and its subsequent decay into a $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ ("non-prompt" production). The same classification into prompt/non-prompt applies to any feed-down into $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {J}\uppsi $$\end{document}$ production from the decays of excited charmonium states (expected to be approximately 20--30 % of the total inclusive rate), depending on the production mechanism for those states. In addition, this final state may also result from the production of a $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ (either promptly or non-promptly produced) from two distinct parton--parton interactions within the same proton--proton collision. Previous searches for the related processes $\documentclass[12pt]{minimal}
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                \begin{document}$$W\,+\,\Upsilon (1S)$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$Z\,+\,\Upsilon (1S)$$\end{document}$ by CDF saw no evidence for the associated-production of vector-bosons and quarkonia and set limits on the production rate \[[@CR1], [@CR2]\]. The production of a prompt $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {J}\uppsi $$\end{document}$ in association with a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$W$$\end{document}$ boson was observed previously \[[@CR3]\] by the ATLAS experiment.

The mechanisms responsible for the production of prompt $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$, and indeed all quarkonia, are not fully understood in hadron collisions. While the rate of hadroproduction of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {J}\uppsi $$\end{document}$ \[[@CR4]--[@CR7]\] and $\documentclass[12pt]{minimal}
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                \begin{document}$$\psi (2\text{S})$$\end{document}$ \[[@CR7]--[@CR10]\], as a function of their transverse momentum, $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\text {T}$$\end{document}$, is now modelled well by predictions in the non-relativistic QCD (NRQCD) \[[@CR11]--[@CR13]\] framework up to transverse momenta of 100 GeV, predictions of related observables such as charmonium spin-alignment \[[@CR14], [@CR15]\] remain challenging to model simultaneously with the production rate, in part due to the number of free parameters which are not calculable and must be constrained from data. The study of additional observables and new final states provides further constraints on the contributions from colour-singlet \[[@CR16]--[@CR22]\] and colour-octet production processes, and their properties. The production of a gauge boson in association with a $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {J}\uppsi $$\end{document}$ sets a high energy scale for the scattering process and results in an improvement in the perturbative convergence of the calculations \[[@CR23], [@CR24]\] that has troubled the accuracy of quarkonium production models in the past \[[@CR25]\]. Recent literature \[[@CR24]\] has suggested that colour-octet contributions should dominate the total production rate and that next-to-leading-order (NLO) contributions enhance the cross-section over leading-order (LO) predictions, while other groups \[[@CR23]\] state that colour-singlet processes may be important.
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                \begin{document}$$Z\,+\,J/\psi $$\end{document}$ production rate can come from non-prompt $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ originating from the decay of a $\documentclass[12pt]{minimal}
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                \begin{document}$$b$$\end{document}$-hadron. Measurement of this contribution provides a new opportunity for studying heavy-flavour production in association with a $\documentclass[12pt]{minimal}
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                \begin{document}$$Z$$\end{document}$ boson \[[@CR26], [@CR27]\]. Beyond the study of quarkonium production mechanisms, measurement of the $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ rate may be relevant for the study of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ZZ^*$$\end{document}$ production in a kinematic regime complementary to that previously studied at the Large Hadron Collider (LHC) \[[@CR28], [@CR29]\] where one on-shell $\documentclass[12pt]{minimal}
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                \begin{document}$$Z$$\end{document}$ boson is produced along with a highly virtual boson that fragments into a $\documentclass[12pt]{minimal}
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                \begin{document}$$c\overline{c}$$\end{document}$ pair. Measurement of $\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {J}\uppsi $$\end{document}$ production also represents an important background to the search for the rare $\documentclass[12pt]{minimal}
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                \begin{document}$$Z\rightarrow \ell ^+\ell ^-\text {J}\uppsi $$\end{document}$ three-body decay \[[@CR30]--[@CR32]\]. In the future, $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ may prove to be a compelling mode for the study of rare decays of the Higgs boson in quarkonia and associated vector-boson decay modes, proposed in Refs. \[[@CR33], [@CR34]\] and more recently in Refs. \[[@CR35], [@CR36]\]. Such decays have received renewed attention as a promising mode for the study of Higgs boson charm couplings \[[@CR37]\] and its CP properties \[[@CR38]\], and also as a possible background to $\documentclass[12pt]{minimal}
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                \begin{document}$$H\rightarrow ZZ^*$$\end{document}$ decay \[[@CR39]\]. The production of a $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ can also contribute to the search for new physics \[[@CR35], [@CR40]--[@CR43]\].

In addition to the production of $\documentclass[12pt]{minimal}
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                \begin{document}$$Z\, +\, \text {J}\uppsi $$\end{document}$ via single parton scattering (SPS) processes, double parton scattering (DPS) interactions \[[@CR44]--[@CR50]\] are expected to constitute a significant proportion of the observed signal. While DPS processes are not distinguishable event-by-event from SPS interactions, azimuthal angular correlations between the $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {J}\uppsi $$\end{document}$ are expected to be starkly different for the two processes, allowing information on their relative contributions to be extracted. These data can be used to tune the modelling of multiple interactions in other high-energy hadron--hadron processes.

This paper presents a measurement of the cross-section for the associated-production of $\documentclass[12pt]{minimal}
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                \begin{document}$$Z$$\end{document}$ production. The results are shown as *fiducial* cross-section ratios defined in a restricted phase-space of the muons from $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ decay, and also as *inclusive* cross-section ratios after correcting for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$J/\psi $$\end{document}$ kinematic acceptance of these muons, for the range of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$J/\psi $$\end{document}$ transverse momentum 8.5--100 GeV and rapidity $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ production are presented separately. The cross-section ratio for single parton scattering is obtained after estimating and subtracting the contribution due to double parton scattering. A lower limit on the effective cross-section regulating double parton interactions is presented. Differential cross-section ratios as a function of the transverse momentum $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ are shown for prompt and non-prompt production, inclusive and DPS modes.

The ATLAS detector {#Sec2}
==================

The ATLAS detector \[[@CR51]\] is a general-purpose detector with a cylindrical geometry[1](#Fn1){ref-type="fn"} and forward--backward symmetric coverage in pseudorapidity $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$. The detector consists of inner tracking detectors, calorimeters and a muon spectrometer, and has a three-level trigger system. The inner tracking detector (ID) is composed of a silicon pixel detector, a semiconductor microstrip detector (SCT) and a transition radiation tracker (TRT). The ID directly surrounds the beam pipe and is immersed in a 2 T axial magnetic field generated by a superconducting solenoid.

The calorimeter system surrounds the solenoid and consists of a highly granular liquid-argon electromagnetic calorimeter (EM) and a steel/scintillator tile hadronic calorimeter. The EM calorimeter has three layers: the first consists of fine-grained strips in the $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$ direction, the second collects most of the energy deposited in the calorimeter by photon and electron showers, and the third provides measurements of energy deposited in the tails of these showers. Two complementary presampler detectors complete the EM, correcting for energy lost in the material before the calorimeter. This fine segmentation provides electron identification in conjunction with the inner detector in the region $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.5$$\end{document}$.

The muon spectrometer (MS) surrounds the calorimeters and consists of three large air-core superconducting magnets (each with eight coils), which generate a toroidal magnetic field. The MS is instrumented in three layers with detectors (monitored drift tubes and cathode strip chambers) that provide precision muon tracking covering $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.7$$\end{document}$ and fast trigger detectors (resistive plate chambers and thin gap chambers) covering the range $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.4$$\end{document}$.

The ATLAS trigger is a three-level system \[[@CR52]\] (Level-1, Level-2 and Event Filter) used to reduce the 20 MHz proton bunch collision rate to a several-hundred Hz event transfer rate recorded to mass storage. The system consists of a Level-1 trigger implemented in hardware and a software-based two-stage High Level Trigger (HLT). The Level-1 system provides a rough measurement of lepton candidate position in "regions of interest" (RoI) with a spatial granularity of $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta \varphi \times \Delta \eta \approx 0.1 \times 0.1$$\end{document}$. These RoI are used to seed HLT algorithms that use higher precision MS, ID and EM measurements to reconstruct lepton trigger objects.

Event selection and reconstruction {#Sec3}
==================================

Events are collected by triggers requiring at least one lepton with $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\text {T} > 24\,\text {GeV}$$\end{document}$. These triggers are highly efficient in collecting $\documentclass[12pt]{minimal}
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                \begin{document}$$Z\rightarrow \ell ^+\ell ^-$$\end{document}$ decays and were not prescaled during the 2012 data-taking period. Triggered events are required to satisfy certain standardised data-quality requirements, which exclude events taken when temporary faults in detector systems compromise the reconstruction. The total integrated luminosity of proton--proton collisions used in this measurement, after data-quality requirements are applied, is $\documentclass[12pt]{minimal}
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                \begin{document}$$20.3\,\text {fb}^{-1}$$\end{document}$.

The final state of this measurement is $\documentclass[12pt]{minimal}
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                \begin{document}$$Z(\rightarrow \ell ^+\ell ^-)+J/\psi (\rightarrow \mu ^+\mu ^-)$$\end{document}$, where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell =\mu ,e$$\end{document}$, and therefore candidate events are required to have two pairs of leptons with opposite charge. Each pair of leptons is then fitted to a common vertex, with the invariant mass of the first pair required to be close to the $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$ mass. For events with more than four leptons, all possible combinations of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu ^+\mu ^-$$\end{document}$ pairs are considered. In rare cases where ambiguous solutions are found, the pairings giving the dilepton combination with mass closest to the particle ($\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi $$\end{document}$) world-average mass are chosen.

Lepton reconstruction {#Sec4}
---------------------

Muons are identified \[[@CR53]\] by tracks (or track segments) reconstructed in the MS, matched to tracks reconstructed in the ID. Track reconstruction in the inner detector uses the measurements from the pixel, SCT and TRT detectors. The "inside-out" reconstruction strategy starts by finding a track candidate in the pixel and SCT detectors and then extends the trajectories of successfully fitted tracks to the TRT to reconstruct a full inner detector track. Outside of the TRT acceptance ($\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | > 2.0$$\end{document}$) only pixel and SCT information is used.

The muon momentum is calculated by statistically combining the information from the ID and the MS, applying a parameterised correction for the energy loss in the calorimeter. Such muons are referred to as *combined muons*. In some cases it is possible to match an ID track to a signal in the MS, but not possible to perform the combination because the MS track segment contains too few hits. In such cases, the ID track is used as an identified muon candidate. Muons that cross only the first layers of MS chambers, either due to low transverse momentum or because they fall in an area of reduced MS acceptance, can be identified in this less stringent category. The inclusion of these *segment-tagged muons* provides useful additional kinematic acceptance at low $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{T}$$\end{document}$ for the reconstruction of particles with low invariant mass, such as the $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {J}\uppsi $$\end{document}$.
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                \begin{document}$$Z$$\end{document}$ boson are required to be combined muons and have $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\text {T} > 15~\text {GeV}$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.5$$\end{document}$. For the $\documentclass[12pt]{minimal}
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Signal and background extraction {#Sec7}
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The pseudo-proper time of the signal prompt component is modelled by a double Gaussian distribution. For the background prompt component, a double-sided exponential convolved with the prompt signal function, accounting for resolution effects, is used. The non-prompt signal component is modelled with a single-sided exponential convolved with the prompt signal function and for the non-prompt background component the sum of a single-sided and a double-sided exponential convolved with the signal function is used. The dimuon invariant mass is modelled with a double Gaussian distribution both for the prompt and non-prompt signal components and exponential functions for the backgrounds (again, prompt and non-prompt). The fit is performed in two separate rapidity regions, the barrel ($\documentclass[12pt]{minimal}
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Signal and multi-jet background templates for the dilepton mass were extracted separately for $\documentclass[12pt]{minimal}
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Pileup background {#Sec10}
-----------------

During the 2012 data-taking period the average number of $\documentclass[12pt]{minimal}
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The number of pileup candidates can be evaluated using the number of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z$$\end{document}$ candidates in the fiducial region, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_Z$$\end{document}$, according to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N^{ij}_{\text {pileup}} = N_{\text {extra}}N_ZP^{ij}_{J/\psi }$$\end{document}$, giving a total of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sum _{i,j}N^{ij}_{\text {pileup}}=5.2^{+1.8}_{-1.3}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.7^{+0.9}_{-0.6}$$\end{document}$ events in the prompt and non-prompt samples, respectively. The uncertainty on the final result includes contributions from the estimated $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$J/\psi $$\end{document}$ cross-section at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sqrt{s}=8\,\text {TeV}$$\end{document}$, the number of inclusive $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z$$\end{document}$ events and the number of extra vertices. The dependence of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\langle \mu \rangle $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P_{J/\psi }$$\end{document}$ on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _{\text {inel}}$$\end{document}$ cancels in the determination of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_{\text {pileup}}$$\end{document}$.

Double parton scattering {#Sec11}
------------------------
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Figure [4](#Fig4){ref-type="fig"} shows the azimuthal angle between the $\documentclass[12pt]{minimal}
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Detector effects and acceptance corrections {#Sec12}
-------------------------------------------

The efficiency for reconstructing muons in the ATLAS detector is very high \[[@CR53]\] and depends on the kinematics of the muon. In order to correct the measurements for detector effects, a per-event weight is applied, based on the pseudorapidity and transverse momentum of both muons coming from the $\documentclass[12pt]{minimal}
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Results {#Sec14}
=======

The results of the two-dimensional maximum likelihood fit are shown in Table [3](#Tab3){ref-type="table"} for the two rapidity regions.Table 3Results of the fit with statistical (first) and systematic (second) uncertainties. The total number of background events is measured in the $\documentclass[12pt]{minimal}
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The signal significances for both the prompt and non-prompt final states were calculated by performing pseudo-experiments and taking into account the pileup background contribution. Events were generated with a di-muon invariant mass and a pseudo-proper time according to the background-only hypothesis, then fitted with the background-only and signal+background hypotheses, which allowed the likelihood ratio of the two hypotheses to be calculated and compared with the likelihood ratio of the data. Using this method, the background-only hypothesis for both the prompt and non-prompt final states was excluded at $\documentclass[12pt]{minimal}
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After background subtraction, significant signals for the associated-production of $\documentclass[12pt]{minimal}
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Comparison with theoretical calculations and double parton scattering contributions {#Sec17}
-----------------------------------------------------------------------------------

Double parton scattering interactions are expected to contribute significantly to the measured inclusive production cross-sections. Using the relation in Eq. [3](#Equ3){ref-type=""} and a $\documentclass[12pt]{minimal}
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Differential production cross-section measurements {#Sec18}
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The equation used is slightly different to that used in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$W\,+\,J/\psi $$\end{document}$ analysis \[[@CR3]\], which was normalised to unit rapidity.

We thank CERN for the very successful operation of the LHC, as well as the support staff from our institutions without whom ATLAS could not be operated efficiently. We acknowledge the support of ANPCyT, Argentina; YerPhI, Armenia; ARC, Australia; BMWFW and FWF, Austria; ANAS, Azerbaijan; SSTC, Belarus; CNPq and FAPESP, Brazil; NSERC, NRC and CFI, Canada; CERN; CONICYT, Chile; CAS, MOST and NSFC, China; COLCIENCIAS, Colombia; MSMT CR, MPO CR and VSC CR, Czech Republic; DNRF, DNSRC and Lundbeck Foundation, Denmark; EPLANET, ERC and NSRF, European Union; IN2P3-CNRS, CEA-DSM/IRFU, France; GNSF, Georgia; BMBF, DFG, HGF, MPG and AvH Foundation, Germany; GSRT and NSRF, Greece; RGC, Hong Kong SAR, China; ISF, MINERVA, GIF, I-CORE and Benoziyo Center, Israel; INFN, Italy; MEXT and JSPS, Japan; CNRST, Morocco; FOM and NWO, Netherlands; BRF and RCN, Norway; MNiSW and NCN, Poland; GRICES and FCT, Portugal; MNE/IFA, Romania; MES of Russia and NRC KI, Russian Federation; JINR; MSTD, Serbia; MSSR, Slovakia; ARRS and MIZŠ, Slovenia; DST/NRF, South Africa; MINECO, Spain; SRC and Wallenberg Foundation, Sweden; SER, SNSF and Cantons of Bern and Geneva, Switzerland; NSC, Taiwan; TAEK, Turkey; STFC, the Royal Society and Leverhulme Trust, United Kingdom; DOE and NSF, United States of America. The crucial computing support from all WLCG partners is acknowledged gratefully, in particular from CERN and the ATLAS Tier-1 facilities at TRIUMF (Canada), NDGF (Denmark, Norway, Sweden), CC-IN2P3 (France), KIT/GridKA (Germany), INFN-CNAF (Italy), NL-T1 (Netherlands), PIC (Spain), ASGC (Taiwan), RAL (UK) and BNL (USA) and in the Tier-2 facilities worldwide.
